Objective. To assess the advantages of using mechanical anastomotic systems in head and neck free tissue transfer.
M icrovascular free tissue transfer has largely become the gold standard for repair of complex head and neck defects. 1, 2 The survival of the free tissue relies on patent anastomosis of venous and arterial donor to recipient vessels. Advances in microvascular techniques have allowed for improvements in flap survival and overall favorable outcomes. 3 While the incidence of free tissue transfer failure is low, typically between 3% and 5%, 4, 5 reasons for failure are most often technical. This reflects that microvascular anastomosis remains one of the most technically challenging and crucial portions of free tissue transfer procedures.
Historically, anastomosis has been achieved by handsewn techniques using 8-0 to 10-0 nylon suture. While this method has been the gold standard for more than 40 years, hand-sewn anastomosis is not only time-consuming and technically challenging but also potentially introduces many problems for the anastomosis: exposing suture material into the lumen of the vessel or poor vessel edge eversion, for example. 6 Mechanical anastomotic coupler devices (MACDs) have proven to be a valuable alternative to the traditional hand-sewn techniques. Although the use of MACDs in microvascular anastomosis was first demonstrated in 1962 by Nakayama et al, 7 it has remained underused in head and neck reconstruction. In this retrospective review, we analyzed the use of venous mechanical anastomotic coupler devices (vMACDs) for free tissue transfers to the head and neck.
Materials and Methods

Patient Selection
Following institutional review board approval by the University of Alabama at Birmingham, a prospectively database was compiled of all patients presenting to the otolaryngology clinic for microvascular free flap reconstruction of the head and neck. For this study, all patients who presented between October 2004 and December 2006 for a microvascular free flap reconstruction using a vMACD were included (n = 234). The number of microvascular anastomoses (n = 261) and venous coupler size used were included. The flap donor site, recipient vessels, and anastomotic technique were determined by patient comorbidities (diabetes mellitus, cardiac disease, immunosuppression) and surgeon preference. Demographic data and outcomes (flap survival and microvascular complications) were analyzed. Microvascular complications were found to be due to either venous congestion (evident through decreased venous Doppler signal, pin-prick examination, and changes in flap color/consistency) or arterial insufficiency (evident through decreased arterial Doppler). Free flap complications were classified as either partial failure, late total failure (.5 days), or acute total failure (\5 days).
Statistical Analysis
Descriptive variables were summarized by mean (6SD) for continuous variables and n (%) for categorical variables. A 1-way analysis of variance was used to analyze relationships between categorical factors and continuous responses. A Student t test was used to compare differences in means between groups. A contingency analysis was used to analyze relationships between categorical factors and responses. A P value of \.05 was considered statistically significant. Statistical analysis was performed using Jmp 10 software (SAS, Cary, NC).
Results
Patient Characteristics
The mean age of the patients was 62 years (range, 25-93 years), with most patients being male (69%, n = 162). The vast majority of patients were Caucasian (85%, n = 199), with the remaining being black (14%, n = 32) or Hispanic (1%, n = 3). A total of 234 patients underwent 261 microvascular anastomoses. Indications for reconstruction included primary lesion (59%, n = 139), recurrent lesion (29%, n = 68), secondary reconstruction (8%, n = 18), and osteoradionecrosis (3%, n = 8). The locations of the defects were as follows: oral cavity (40%, n = 95), hypopharyx/larynx (19%, n = 44), cutaneous (17%, n = 39), oropharynx (14%, n = 32), midface (8%, n = 20), and skull base (2%, n = 4).
Microvascular Reconstruction
The donor free flap most commonly used was the radial forearm (66%, n = 154), followed by anterior lateral thigh (12%, n = 27), fibular (9%, n = 22), rectus abdominis (8%, n = 20), osteocutaneous radial forearm (3%, n = 7), and latissimus dorsi (2%, n = 5). The internal jugular vein was the most common recipient vein used (76%, n = 198), followed by the external jugular (17%, n = 44). The size of the coupler used for the venous anastomosis ranged from 1.5 to 4.0 mm, with most being 3.0 mm (53%, n = 140), followed by 3.5 mm (23%, n = 59; Table 1 ). The facial artery was the most common recipient artery used for the arterial anastomosis (58%, n = 135), followed by an unidentified arterial branch off the external carotid artery (22%, n = 52), lingual artery (13%, n = 56), and superior thyroid artery (6%, n = 15).
Multiple couplers were used in 11% (n = 26) of patients. While it is our institution's preference to perform a single venous anastomosis, multiple couplers were used in cases with venous branching or suboptimal pedicle geometry to ensure adequate outflow in the case of thrombosis. The only variable found to affect the requirement for multiple couplers was surgical indication (P = .03). Microvascular anastomosis for secondary reconstruction required multiple couplers more frequently (17%, n = 3/18) than did osteoradionecrosis (12.5%, n = 1/8), primary lesion (12.5%, n = 17/139), or recurrent lesion (6%, n = 4/68). Further, a requirement for multiple couplers was not affected by the recipient vein used (P = .23), location of the defect (P = .78), or free flap used (P = .41). 
Complications
Microvascular complications were rare (\5%, n = 11) and included venous congestion (n = 3), vessel wall rupture (n = 1), and arterial insufficiency (n = 7). Free flap vascular compromise was less than 5% (n = 10) and was classified as partial flap loss (n = 3) and total flap loss (n = 7). Other complications associated with the operation included hematoma (n = 12), free flap dehiscence (n = 10), fistula formation (n = 11), infection requiring intravenous antibiotics (n = 10), chylous leak (n = 1), and 1 perioperative death due to cardiovascular arrest. Most of our venous anastomoses were to an unidentified branch off the internal jugular vein. While this is traditionally thought to be protective against venous congestion, the selection of recipient vein did not affect the occurrence of a microvascular complication (P = .57), free flap total or partial loss (P = .41), or other operative complications (P = .63). Microvascular complications were not affected by defect location, free flap used, coupler size, multiple anastomoses used, or surgical indication (P . .05).
Discussion
Microvascular anastomosis is a technically challenging aspect of free flap reconstruction. While traditional hand-sewn techniques have been the gold standard, there are many flaws with this technique. First, back-wall introduction of the suture into the lumen of the vessel potentiates thrombosis and anastomotic stenosis. Second, the inadequate eversion of vessel edges exposes thrombotic material within the lumen. Finally, poor suture placement can result in anastomotic leak. By using the mechanical anastomotic devices, anastomosis and flap transfer are simplified. This provides an overall decrease in flap anastomosis time, a decrease in flap ischemia time, and a decrease in microvascular complications. 8, 9 Coupler size ranged from 1.5 to 4.0 mm, the most common being 3.0 mm (56%). The diameter of the coupler was not correlated with failure rates. Similar results were found by Zhang et al 6 using couplers ranging from 1.5 to 4.0 mm, again indicating that the size of the coupler does not affect tissue transfer outcomes. 6 Success with various sizes of venous couplers is not limited to head and neck reconstruction, as Jandali et al 10 described the venous coupler in breast surgery. With 1000 anastomoses, and with size ranging from 1.5 to 4.0 mm, there was only a 0.6% incidence of venous thrombosis. 10 This shows the versatility of the vMACDs and supports the use of mechanical coupling in small-diameter vessels and in situations with poor vessel caliber match. 1, 9 By using vMACDs, anastomotic complications can be potentially avoided, and tissue transfers relying on smaller-caliber vessels can be transferred without increased risk of free flap loss.
Most of our patients received 1 venous anastomosis. Many institutions prefer using the coupler device for multiple venous anastomoses for each free flap transfer, regardless of the circumstance. 6, 11, 12 Published data comparing dual to single anastomosis in head and neck reconstruction show a failure rate of 4% (range, 0%-10%) compared with 7% (range, 3%-12.5%), respectively. 5, 13, 14 In our experience, however, similar to data published by Futran and Stack, 13 we were able to achieve acceptable outcomes with 1 venous anastomosis in most of our cases. Multiple anastomoses were performed on only a case-by-case basis, namely, for secondary reconstructions. We suggest performing multiple venous anastomoses with the coupler device only in cases of complex pedicle geometry to theoretically supply additional venous drainage in the event of a thrombus.
In our series, there were a total of 3 confirmed venous congestions, only 1 of which resulted in a total flap loss. When compared with published data concerning hand-sewn venous congestion, vMACDs are proven to be a reliable form of venous anastomosis with no increased risk of congestion. 15 An unidentified branch off the internal jugular vein was most commonly used for venous anastomosis for a variety of reasons. Availability of acceptable vessels after the ablative resection is varied, limiting reconstruction options. In these cases, the internal jugular vein provides a consistent and reliable vessel for anastomosis. Also, the increased volume of flow in the internal jugular vein is considered protective against venous congestion. Other frequent recipient veins include the facial, lingual, and external jugular vein and can be used with acceptable outcomes. 6 There are obvious limitations to mechanical coupling devices. To achieve an adequate anastomosis, the vessels must be pliable and allow eversion on the ring and pin couplers. Perhaps the most common reason for surgeons to reject the coupler is unwillingness to lose familiarity with handsewn anastomosis since the most difficult cases are associated with those in which the coupler cannot be used. This includes vessels that are thickened from repeated venipuncture, in an irradiated neck, or with lack of vessel pliability. For this reason, there must still be an emphasis placed on teaching and proficiency with traditional suture techniques.
Many institutions are beginning to use the coupler device for arterial anastomosis. While its effectiveness is still debated, there have recently been large series displaying promising results with its use in select arteries. 6, 16 Again, this is still controversial, with many of the earlier studies showing poor flap outcomes with arterial coupling. 17 There was no use of arterial coupling in this case series.
Mechanical failures (the physical breaking of the anastomotic ring formed by the device) are extremely rare, with our series producing a 0% occurrence. This is similar to other published data, supporting a less than 1% incidence of mechanical failure. 18 However, it has been reported that occasionally, the coupler device is not able to generate enough force to adequately fuse the anastomosis. This can be remedied by placing a hemostat on either side of the anastomotic ring and applying pressure for a short period of time to ensure appropriate closure.
Mechanical venous anastomosis in head and neck reconstruction is a reliable form of microsurgical reconstruction. With the average anastomosis time ranging from 5 to 15 minutes, mechanical anastomosis clearly decreases flap ischemia time and overall operative time. 8, 19, 20 Also, by removing the potential of foreign body exposure to the lumen of the anastomosis, namely, the suture used in hand-sewn techniques, there is an obvious advantage to vMACDs. Our experience has shown the reliability of vMACDs in head and neck reconstruction, even in small-diameter vessel reconstruction. It is clear that mechanical venous anastomosis is a reliable and technically sound method of end-to-end anastomosis in head and neck reconstruction.
